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(57) As a process for producing novel anatase tita- 
nia or a composite oxide containing the anatase titania 
which is useful as a photocatalyst, bactericide, and anti- 
fungus agent and moreover, can be produced in various 
forms at a low temperature of 100°C or below, the in- 
vention of this application provides a process for pro- 
ducing the anatase titania or the composite oxide con- 
taining the anatase titania characterized by forming a 
gel comprising a metal oxide from a solution of a titanium 
the gel with water at a temperature of 100°C or below 
to produce the anatase titania or composite oxide. 
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Description 
TECHNICAL FIELD 

[0001] The invention of this application relates to a 
process for producing anatase titania or an composite 
oxide containing anatase titania. More specifically, the 
invention of this application relates to a process for pro- 
ducing novel anatase titania or anovel composite oxide 
containing the anatase titania which are useful as a pho- 
tocatalyst, a bactericidal material, an anti-fungus mate- 
rial, etc. and furthermore, can be produced in a variety 
of forms at a low temperature of 100°C or below. 

BACKGROUND OF THE INVENTION 

[0002] Titania as an oxide of titanium (Ti) , particularly 
anatase titania, is known as a catalyst for photolysis, a 
material for the electrode of a photocell, etc. and in re- 
cent years, has attracted attention to be useful also as 
a bactericidal material and an anti-fungus material de- 
pending upon photoreactive action. 
[0003] The processes for producing titania and the 
functions thereof reported so far are outlined as follows. 
[0004] About pure Ti0 2 films, it is reported that a tita- 
nia (Ti0 2 ) film is formed on a glass substrate having a 
transparent electrically conductive tin oxide film coated 
thereon by adding dilute hydrochloric acid to an ethanol 
solution of titanium isopropoxide and then dip coating, 
and furthermore a heat treatment is carried out at 500°C 
so that a film where fine crystals of anatase are depos- 
ited can be prepared, and the resulting film acts as a 
photo-electrochemical film (T. Yoko, K. Kamiya, and S. 
Sakka, Yogyo Kyokal-Shi, 95 (1987), 150). It also is re- 
ported that an article where a colloidal solution of Ti0 2 
is coated at 450°C onto a glass substrate having a trans- 
parent electrically conductive tin oxide film formed ther- 
eon exhibits high efficiency as the electrode of a photo- 
cell (B. O'Regan and M. Gretzel, Nature, 353 (1991) 
737). 

[0005] On the other hand, about a Tt0 2 -Si0 2 system, 
it is reported that a composite oxide of the Ti0 2 -Si0 2 
system can be prepared by use of bisacetylacetonate 
titanium diisopropoxide or ethyl bisacetoacetate titani- 
um di isopropoxide and silicic acid; and in order to de- 
posit an anatase phase, when 94 mole percent of Ti0 2 
is contained, a treatment at a high temperature of 500°C 
or above is needed, when 89 to 67 mole percent of Ti0 2 
is contained, a heat treatment at a high temperature of 
750°C or above, and furthermore, when 50 mole per- 
cent of Ti0 2 is contained, the composite oxide remains 
amorphous even by a heat treatment at 1 000°C (Y. Abe, 
N. Sugimoto, Y. Nagano, and T Misono, J. Non-Cryst, 
1 04 (1988) 1 64). In addition, it is reported that when film 
formation is carried out according to an RF-sputtering 
process by use of a mixed sputter gas of argon and ox- 
ygen at a substrate temperature of 200°C and a power 
of 200 W, all films are amorphous in the range of 2.3 to 



67 mole percent in Ti0 2 content. 
[0006] Furthermore, it is reported that a T10 2 -Si0 2 film 
containing 1 6.5 mole percent of T10 2 that is formed from 
a solution prepared by using titanium n-butoxide and sil- 

5 icon tetraethoxide as starting materials and hydrolyzing 
with dilute hydrochloric acid is amorphous when a heat 
treatment at 350°C is carried out, but further only when 
exposed to pressurized steam of about 1 atm, anatase 
T10 2 fine crystals are deposited (A. Matsuda, T. Kogure, 

»o Y. Matsuno, S. Katayama, T. Tsuno, N. Tohge, and T. 
Minami, J. Am. Ceram. Soc, 76 (1993) 2699). 
[0007] However, in order to form anatase Ti0 2 , even 
a single component of Ti0 2 requires a heat treatment at 
high temperature of 450°C or above, and furthermore a 

*5 composite oxide of T10 2 -Si0 2 system, etc. require a fur- 
ther high heat treatment and complicated operations. 
Accordingly, it is fundamentally impossible to form ana- 
tase titania or a composite oxide containing anatase ti- 
tania, for example, on substrates having low resistance 

20 to heat such as organic polymer substrates or living tis- 
sue having low resistance to high temperature, low pres- 
sure, and high pressure. 

[0008] Therefore, the invention of this application 
solves the aforesaid problems of the related art, and 

25 aims at providing a novel process which can produce 
anatase titania or a composite oxide containing anatase 
titania at a low temperature that is a milder condition 
and, in addition at atmospheric pressure, thereby can 
form these on a variety of substrates including polymer 

30 materials or living tissue having low resistance to heat, 
and moreover can form anatase titania or a composite 
oxide containing anatase titania in a variety of forms 
such as bulk, film, fiber, powder, etc. 



[0009] For solving the aforesaid problems, the inven- 
tion of this application provides a process for producing 
anatase titania or a composite oxide containing anatase 
titania characterized in that a gel containing a metal ox- 
ide is formed from a solution containing a hydrolyzable 
titanium compound, and subsequently the gel is allowed 
to react with water at a temperature of 100°C or below. 
[0010] In the aforesaid process, the invention of this 
application also provides a process where the solution 
containing a hydrolyzable titanium compound contains 
an organic polymer, and the gel is an organic inorganic 
composite matter containing a metal oxide and the or- 
ganic polymer, a process where the reaction of the gel 
with water is carried out with hot water, a process where 
a functional molecule or metal ion is dissolved in hot wa- 
ter, and anatase titania or the composite oxide contain- 
ing anatase titania is doped with the functional molecule 
or metallic fine particle, and a process for forming it on 
a substrate as a film, and so forth. 
[0011] And the invention of this application further 
provides anatase titania or the composite oxide contain- 
ing anatase titania themselves obtained according to 
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the aforesaid processes. 

[001 2] In particular, according to the invention of this 
application, a transparent film of anatase titania or a 
composite oxide containing anatase titania which has 
been difficult to from in the related art can be formed on 
a variety of substrates according to the low temperature 
process, and therefore the fields of application are ex- 
tremely wide and promising. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0013] 

Fig. 1 is a figure showing a high-resolution trans- 
mission electron microscope photograph of a partial 
section of a film in Example 1 of the invention. 
Fig. 2 is a figure showing results of Fourier trans- 
form and lattice fringe analysis of Fig. 1 having un- 
dergone image processing. 
Spots: Corresponding to (101) and (103) planes 
characteristic in anatase 710 2 . 
Fig. 3 is figures showing the infrared absorption 
spectra of the film in Example 1 before and after a 
treatment with hot water. 

Absorption spectra near 2900 cm' 1 and 1350' 1 are 
assigned to polyethylene glycol. Peaks at 955 cnr 1 
are principally assigned to a 71-O-Si bond. 

BEST MODE FOR CARRYING OUT THE INVENTION 

[0014] The invention of this application has character- 
istics as described above, and modes for carrying out 
the invention are illustrated in detail below. 
[0015] The bases of this application are illustrated 
again. The invention enables anatase titania or a com- 
posite oxide containing anatase titania to produce at a 
low temperature that is a very mild condition as com- 
pared with that in the related art by forming a gel con- 
taining a metal oxide from a solution containing at least 
a hydrolyzable titanium compound and then, allowing 
the gel containing a metal oxide to react with water. The 
invention of this application having these characteristics 
has been achieved by discovery that a product prepared 
by hydrolysis and polycondensation of a hydrolyzable 
titanium compound acquires densification and crystalli- 
zation by a hot water of 100°C or below, etc. contrary to 
the conventional common sense and by discovery that 
the addition of an organic polymer to the gel promotes 
the deposition of anatase crystals by a treatment with 
hot water. 

[001 6] A variety of compounds can be used as the hy- 
drolyzable titanium compound in the invention. Exam- 
ples thereof include metal alkoxides, metal salts of or- 
ganic acids, metal chlorides, and the derivatives thereof 
such as tetraisopropoxy titanium (Ti(OCH(CH 3 ) 2 ) 4 ), tet- 
ra-n-butoxy titanium (Ti (OCH 2 CH 2 CH 2 CH) 4 ), tetrakis 
(2-ethylhexyloxy) titanium (Ti (OCH 2 CH(C 2 H5)C 4 H 9 )4), 
tetrastearyloxy titanium (Ti (OC 1B H 37 ) 4 ), diisopropoxy 



bisacetylacetonate titanium ("n(OCH(CH 3 ) 2 ) 2 (OC(CH 3 ) 
CHCOCH 3 ) 2 ), diisopropoxy bisethyl acetoacetate titani- 
um (Ti(OCH(CH 3 ) 2 ) 2 ) (OC (OC 2 H 5 )CHCOCH 3 ) 2 ), titani- 
um tetrachloride (TiCI 4 ), etc. One kind of these or a com- 
5 bination of two or more kinds thereof can be used as 
starting materials. Of these, tetraisopropoxy titanium, 
tetra-n-butoxy titanium, titanium tetrachloride, etc. 
which have comparatively high reactivity to water are 
preferred. 

10 [0017] Furthermore, when a composite oxide contain- 
ing anatase titania is synthesized, the composite oxide 
can be composed by combination of various metal 
alkoxides, metal salts of organic acids, metal chlorides, 
or the derivatives thereof. including Si, Al, B, P, Ta, Zr, 

15 Sn, V, W, etc. according to the purpose, use, etc. These 
starting materials also can be used singly or in a com- 
bination of two or more kinds thereof. 
[0018] The starting materials are dissolved in a sol- 
vent, and hydrolysis is carried out by use of a catalyst 

20 such as acids or bases as needed. The solvent used 
herein includes hydrocarbons such as benzene, tolu- 
ene, hexane, etc. and various organic solvents such as 
halogenated hydrocarbons, tetrahydrofuran (THF), ac- 
etonitrile, DMF, DMSO, etc. in addition to alcohols such 

25 as methanol, ethanol, 2-propanol, 1-butanol, etc. The 
catalyst for hydrolysis can be exemplified by mineral ac- 
ids and organic acids such as hydrochloric acid, nitric 
acid, acetic acid, sulfuric acid, phosphoric acid, etc.; and 
bases such as ammonia, amines, etc. 

30 [0019] Furthermore, in the process of the invention, 
an organic polymer can be added to the solution con- 
taining at least a hydrolyzable titanium compound for the 
purpose of controlling the specific surface area or po- 
rosity of anatase titania or a composite oxide containing 

35 anatase titania obtained finally. The resulting gel forms 
an organic inorganic composite matter containing a met- 
al oxide and an organic polymer and furthermore, ana- 
tase titania or a composite oxide containing anatase ti- 
tania controlled in specific surface area and porosity can 

40 be synthesized by eluting the organic polymer. The or- 
ganic polymer added to the gel beforehand is eluted by 
a treatment with hot water, and void is formed from vol- 
ume occupied by the organic polymer in the gel to facil- 
itate permeation of hot water and acts to promote the 

45 deposition of anatase crystals within the gel. 

[0020] These organic polymers include polyalkyl 
ethers such as polyethylene glycol, polypropylene gly- 
col, and polytetramethylene glycol; polyether glycols 
such as cellulose acetate, cellulose nitrate, and hydrox- 

50 ypropylcellulose; and organic polymers having solubility 
to water such as polyvinyl alcohol, polyvinyl acetate, pol- 
yvinyl chloride, etc. Of these, the polyalkyl ethers that 
can be easily eluted with hot water are preferred. The 
amount of the organic polymer added can be changed 

55 depending upon the specific surface area or porosity of 
anatase titania or a composite oxide containing anatase 
titania obtained finally, or depending upon the dispersi- 
bility of anatase crystals. As the amount of the organic 
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polymer added increases, the specific surface area and 
the pore volume increase. In addition, as the specific 
surface area and the pore volume of void increase, the 
deposition of anatase crystals is promoted and the dis- 
persibility also is improved. The ratio of the organic pol- 
ymer to the composite oxide is arbitrary and, for exam- 
ple, from about 0.01 to about 1 00 in weight ratio, but the 
range of 0.1 to 10 is preferred in view of synthesis, func- 
tion for uses, etc. 

[0021 ] The reaction of the gel containing a metal oxide 
derived from the hydrolyzable titanium compound with 
water at a temperature of 1 00°C or below can be easily 
achieved by a treatment with hot water. The temperature 
of the hot water can be set to an arbitrary temperature 
of 100°C or below, but 50° C or higher is preferred for 
increasing the treating rate. The reaction with water at 
a temperature of 1 00°C or below can be carried out at 
a condition of atmospheric pressure. As a matter of 
course, reduced pressure or application of pressure al- 
so is possible, if desired. 

[0022] In the invention, anatase titania or a metal ox- 
ide in a composite oxide containing anatase titania can 
be doped with the functional molecule by dissolving the 
functional molecule in the aforesaid hot water. The func- 
tional molecule includes ruthenium complexes for pho- 
tocells such as trisbipyridine ruthenium (II) complex, 
(2,2'-bipyridine)[2-(2-pyridyl)-benzimidazole] ruthenium 
[II] complex, etc.; dyes for laser such as rhodamine B, 
rhodamine 6G, coumarin, etc.; photochromic dyes such 
as spiropyran, methylviologen, etc.; and the like. Simi- 
larly, a metal ion is dissolved in hot water, and a reduc- 
tion treatment is then carried out so that the metallic fine 
particles can be supported on anatase titania or a metal 
oxide in a composite oxide of anatase titania. The metal 
ion can be exemplified by ions of novel metals such as 
platinum, gold, silver, copper, etc., but as a matter of 
course, is not limited to these. 
[0023] Furthermore, in the invention of this applica- 
tion, it is possible to form anatase titania or the compos- 
ite oxide containing anatase titania in a variety of forms 
such as film, powder, bulk, etc. 
[0024] When a film is formed as a substrate, a gel film 
containing the metal oxide is formed on the substrate 
from a solution containing at least a hydrolyzable titani- 
um compound through dipping or spin coating, and then 
the gel film containing the metal oxide is allowed to react 
with water to form a film of anatase oxide or a composite 
oxide containing anatase titania. Arbitrary substrates 
such as glass, ceramics, metals, polymers, living tissue, 
etc. canbe used as the substrate. In particular, the effect 
of low temperature synthesis of the invention can pref- 
erably be exerted efficiently for materials low in thermal 
resistance such as polymers and living tissue or mate- 
rials poor in resistance in an atmosphere of reduced 
pressure or applied pressure. An article where a trans- 
parent electrically conductive film, etc. is formed on a 
glass substrate such as quartz glass, soda-lime glass, 
alkali aminosilicate glass, alkali borosilicate glass, multi- 



component non-alkali glass, lowly expanded crystal- 
lized glass, etc. can be used as the electrode of a pho- 
tocell. 

[0025] For the formation of powdery particles, the 
5 powdery particles are prepared by hydrolyzing a solu- 
tion containing at least a hydrolyzable titanium com- 
pound at an acidic condition and then adding dropwise 
the resulting solution to a basic solution. The particles 
are once recovered by use of the method of centrifuging, 
etc., undergo drying or a heat treatment as needed, and 
then re-dispersed in an appropriate dispersing medium 
to allow reaction with water. 

[0026] For example, according to the processes of the 
invention as described above, a gel containing a metal 
oxide is formed from a solution containing at least a hy- 
drolyzable titanium compound, and then allowed to re- 
act with water at a temperature of 1 00°C or below, there- 
by to synthesize anatase titania or a composite oxide 
containing anatase titania at a low temperature. In par- 
ticular, in the invention, molecules of water such as hot 
water, etc. have an action to attack the hydrolysis-poly- 
condensation product from the hydrolyzable titanium 
compound to promote the dissociation of a bond with 
another oxide, the condensation of a Ti0 2 component, 
nucleation, and the growth of nuclei, and thereby the for- 
mation of anatase titania is realized at a very mild con- 
dition of 100°C or below. 

[0027] The organic polymer added to the solution con- 
taining at least a hydrolyzable titanium compound has 
an action to control the specific surface area and pore 
of the resulting metal oxide and to promote the deposi- 
tion of an anatase crystalline phase. 
[0028] The anatase titania or the composite oxide 
containing anatase titania according to the invention can 
be prepared in a variety of forms such as film, fiber, pow- 
der, bulk, etc. In particular, in the invention, a transpar- 
ent film of anatase titania or film of a composite oxide 
containing anatase titania where the formation of these 
films has been different in the related art can be formed 
on a variety of substrates according to the low temper- 
ature process and therefore, the fields of the application 
thereof are extremely wide and promising. And anatase 
titania or the composite oxide containing anatase titania 
according to the invention enables application to a pho- 
tocatalyst. Concretely, they are used as an electrode 
material for a photocell, a catalyst for photolysis of water 
or organic substances, a catalyst for photoreduction of 
aerial pollution substances such as nitrogen oxides and 
carbon dioxide, or a bactericide or anti-fungus agent 
against harmful microorganisms. Particularly, in the 
anatase titania or the composite oxide containing ana- 
tase titania according to the invention, anatase titania 
can be deposited at a low temperature of 100°C or be- 
low and therefore, the formation thereof on an organic 
polymer, living tissue, etc., which has been difficult so 
far, also is possible. 
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EXAMPLES 

[0029] Examples are shown below, and the invention 
is illustrated in further detail. Fig. 1 of the accompanying 
drawing is a figure based on a high-resolution transmis- 
sion electron microscope photograph of a partial section 
of a film in Example 1 of the invention and shows trisbi- 
pyridine ruthenium (II) complex 3 highly dispersed in the 
composite oxide of Ti0 2 -Si0 2 system 2 containing ana- 
tase titania 1. Fig. 2 shows results of the Fourier trans- 
form and lattice fringe analysis of Fig. 1 having under- 
gone image processing, and spots are observed in po- 
sitions corresponding to (101 ) and (1 03) planes charac- 
teristic in anatase *no 2 . 

(Example 1 ) 

[0030] A solution containing 5 moles of ethyl alcohol 
to 1 mole of silicon tetraethoxide was prepared. Dilute 
hydrochloric acid (3 weight percent) was added to this 
solution and stirred at room temperature for 30 min to 
carry out hydrolysis. Herein, the mole ratio of water to 
the silicon alkoxide was adjusted to 4. Furthermore, ti- 
tanium tetra-n-butoxide was dissolved in this solution so 
that the mole ratio of titanium dioxide and silicon dioxide 
became 16.5:83.5 finally, and stirred for 30 min to carry 
out hydrolysis. The resulting solution, which was color- 
less and transparent, was further diluted with ethyl al- 
cohol in order to adjust the thickness of a film formed on 
a substrate by coating. Polyethylene glycol (PEG) hav- 
ing an average molecular weight of 600 was added to 
this solution so that the weight ratio of PEG to titanium 
dioxide and silicon dioxide, the oxides formed finally, be- 
came (PEG)/(Ti0 2 +Si0 2 ) - 1 .0, and dissolved uniformly 
to prepare a coating solution. 

[0031 ] A silicon wafer substrate and a non-alkali glass 
substrate were dipped in the aforesaid solution, and the 
respective substrates were covered with gel films com- 
prising polyethylene glycol and a hydrolysis-poly- 
condensation product formed from a titanium organic 
compound and silicon organic compound. These were 
heated and dried at 90°C for 30 min. The gel films of 
1 6.5 Ti0 2 -83.5 Si0 2 containing polyethylene glycol was 
obtained according to the aforesaid operations. This 
was dipped in hot water (100°C) of 10* 3 M trisbipyridine 
ruthenium (II) dichloride for 1 hr. In the treatment with 
hot water, the porosity of the films was found to be about 
35 percent just after eluting polyethylene glycol by the 
treatment with hot water. Observations by infrared ab- 
sorption spectra and a transmission electron micro- 
scope were made about the films before and after the 
treatment with hot water. It was found from the infrared 
absorption spectra shown in Fig. 3 that absorption spec- 
tra in about 2900 cnr 1 and about 1350 cm- 1 assigned 
to polyethylene glycol completely disappeared, and pol- 
yethylene glycol was eluted from the gel films by the 
treatment with hot water. Furthermore, it was found that 
the intensity of a peak at 955cm- 1 assigned principally 



to a Tl-O-Si bond significantly decreased, and the Ti- 
O-Si bond was dissociated. Although the film before car- 
rying out the treatment with hot water was a film of a 
homogeneous 1 6.5 Ti0 2 -83.5 Si0 2 amorphous gel con- 

s taining polyethylene glycol, it was found from the high- 
resolution transmission electron microscope photo- 
graph as described above in Fig. 1 that in the film dipped 
in hot water (100°C) of 10' 3 M trisbipyridine ruthenium 
(II) dichloride for 1 hr, trisbipyridine ruthenium (II) com- 

io plex 3 was dispersed in composite oxide of Ti0 2 -Si0 2 
system 2 containing anatase titania 1 of 10 to 30 nm. 
Anatase titania also is ascertained by results of the Fou- 
rier transform and lattice fringe analysis of Fig. 2. 
[0032] The film was yellow and transparent because 

*5 of absorption by the ruthenium complex. It was found 
from the result of analysis of the film composition that 
the Si0 2 component was eluted by the treatment with 
hot water, and this promoted the deposition of anatase 
crystals. 

20 [0033] The aforesaid results made it clear that the 
composite oxide containing anatase titania and the 
composite oxide containing the anatase titania that con- 
tained a functional molecule can be synthesized accord- 
ing to the low temperature process of 100°C at highest. 

25 

(Example 2) 

[0034] A solution containing 5 moles of ethyl alcohol 
to 1 mole of titanium tetra-n-butoxide was prepared. Di- 

30 lute hydrochloric acid (3 weight percent) was added to 
this solution and stirred at room temperature for 30 min 
to carry out hydrolysis. The resulting solution, which was 
colorless and transparent, was further diluted with ethyl 
alcohol in order to adjust the thickness of a film formed 

35 on a substrate by coating. Polyethylene glycol (PEG) 
having an average molecular weight of 600 was added 
to and uniformly dissolved in this solution so as to be 
(PEG)/(T10 2 ) = 1.0 in weight ratio to titanium oxide that 
was an oxide formed finally to prepare a coating solu- 

<o tion. 

[0035] A silicon wafer substrate and non-alkali glass 
substrate were dipped in the aforesaid solution to coat 
the respective substrates with gel films consisting of pol- 
yethylene glycol and a hydrolysis-polycondensation 

4 5 product from the titanium organic compound. These 
were heated and dried at 90°C for 30 min. Ti0 2 gel films 
containing polyethylene glycol were obtained by the 
aforesaid operations. This was dipped in hot water 
(100°C) for 5 hr. Observations by infrared absorption 

50 spectra and a transmission electron microscope were 
made about the films before and after the treatment with 
hot water. It was found from the infrared absorption 
spectra that absorption spectra of about 2900 cm" 1 and 
about 1350 cnr 1 assigned to polyethylene glycol com- 

55 pietely disappeared by the treatment with hot water, and 
polyethylene glycol was eluted from the gel films. It also 
was found that the intensity of a peak at 1000 cm- 1 as- 
signed principally to a Ti-OH bond decreased, and the 
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polymerization of Ti0 2 was promoted. It was found from 
the observation by a transmission electron microscope 
that the films before undergoing the treatment with hot 
water were uniform Ti0 2 amorphous gel films containing 
polyethylene glycol. On the other hand, the films dipped 
in hot water (100°C) for 5 hr were found to form light- 
transmitting titania consisting of anatase fine crystals of 
10 to 30 nm. The results as described above show clear- 
ly that anatase titania can be synthesized according to 
the low temperature process at 100°C at highest. 

(Example 3) 

[0036] The same operations as in Example 2 were 
carried out by use of a polyethylene terephthalate (PET) 
substrate. It was found from observation by a transmis- 
sion electron microscope that the film dipped in hot wa- 
ter (100°C) for 5 hr formed light-transmitting titania con- 
sisting of anatase fine crystals of 10 to 30 nm. The re- 
sults as described above show clearly that anatase tita- 
nia can be synthesized also on a polymer substrate ac- 
cording to the low temperature process of 1 00°C at high- 
est. 

(Example 4) 

[0037] The same operations as in Example 2 were 
carried out about an xTi0 2 -(1 00-x)SiO 2 system selected 
(x = 20, 40, 60, and 80 mole percent) . It was found from 
observation by a transmission electron microscope that 
the films dipped in hot water (1 00°C) for 5 hr turned into 
transparent films of the composite oxides of the Ti0 2 - 
Si0 2 system containing anatase titania of 10 to 30 nm. 
The results as described above show clearly that the 
composite oxides containing anatase titania can be syn- 
thesized according to the low temperature process of 
100°C at highest. 

(Example 5) 

[0038] The same operations as those in Example 4 
were carried out about an xTi0 2 - (100-x)AI 2 O 3 system 
and an xTi0 2 - (100-x) Zr0 2 system (x = 20, 40, 60, and 
80 mole percent) selected. Aluminum tetra-sec-butox- 
ide and zirconium tetra-n-butoxide that were stabilized 
with acetylacetone were used as starting materials for 
Al 2 0 3 and Zr0 2 , respectively. It was found from obser- 
vation by a transmission electron microscope that the 
films dipped in hot water (100°C) for 5 hr turned into 
transparent films of the composite oxides of the Ti0 2 - 
M 2°3 system and the Ti0 2 -2r0 2 system containing ana- 
tase titania of 10 to 30 nm. The results as described 
above show clearly that a variety of composite oxides 
containing anatase titania can be synthesized according 
to the low temperature process of 100°C at highest. 



(Example 6) 

[0039] Although the results of the formation of the 
films were described in Examples of 1 to 5, similar re- 
5 suits were obtained also in experiments on the prepa- 
ration of fine particles. 

(Comparative Example 1 ) 

10 [0040] Similarly to Example 2, the coating solutions 
was prepared, a silicon wafer substrate and non-alkali 
glass substrate were dipped therein, and the respective 
substrates were covered with gel films consisting of pol- 
yethylene glycol and a hydrolysis-polycondensation 

*5 product from the titanium organic compound. These 
were heated and dried at 90°C for 30 min. Ti0 2 gel films 
containing polyethylene glycol were obtained by the 
aforesaid operations. These underwent a heat treat- 
ment in the air at 350°C for 1 hr. It was found from in- 

20 frared absorption spectra that polyethylene glycol was 
thoroughly pyrolyzed and disappeared owing to the heat 
treatment. It was found from observation by a transmis- 
sion electron microscope that no anatase crystals were 
observed in the resulting Ti0 2 films, and porous amor- 

25 phous films were formed. 

(Comparative Example 2) 

[0041] A coating solution consisting of silicon tetrae- 

30 thoxide, titanium tetra-n-butoxide, ethyl alcohol, and di- 
lute hydrochloric acid was prepared at a condition where 
no polyethylene glycol is added. 
[0042] A silicon wafer substrate and anon-alkali glass 
substrate were dipped in the aforesaid solution, and the 

35 respective substrates were coated with Ti0 2 -Si0 2 gel 
films consisting of a hydrolysis-polycondensation prod- 
uct from the titanium organic compound. These were 
heated and dried at 90°C for 30 min. The Ti0 2 -Si0 2 gel 
films were obtained by the aforesaid operations. The po- 

40 rosity of the resulting films was found to be about 9 per- 
cent and to be low as compared with the film prepared 
by adding and then eluting polyethylene glycol in Exam- 
ple 1 . These were dipped in hot water (100°C) for 5 hr. 
Observations by infrared absorption spectra and a 

45 transmission electron microscope were made about the 
films before and after the treatment with hot water. It was 
found from the infrared absorption spectra that the in- 
tensity of peaks at 955 cm- 1 assigned mainly to a Ti-O-Si 
bond decreased by the treatment with hot with water, 

50 and the bond was dissociated. It was found from the ob- 
servation by the transmission electron microscope that 
the films before undergoing the treatment with hot water 
were amorphous gel films of Ti0 2 -Si0 2 system. On the 
other hand, in the films dipped in hot water (100°C) for 

55 1 hr, it was found that anatase titania of 1 0 to 30 nm was 
slightly deposited on the surfaces of the films. It was 
found from the results as described above that the pore 
produced by the addition and elution of the organic pol- 
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ymer acts to cany out efficiently the reaction of water 
with the 71 0 2 component. 

INDUSTRIAL APPLICABILITY 

[0043] As illustrated above in detail, by the invention 
of this application, a gel containing a metal oxide is 
formed from a solution containing at least a hydrolyzable 
titanium compound and subsequently, the gel contain- 
ing the metal oxide is allowed to react with water at a 
temperature of 100°C or below. This enables anatase 
titania or a composite oxide containing the anatase Ma- 
nia to synthesize at a low temperature. This process 
makes it possible to form the films of the anatase titania 
or transparent composite oxide containing the anatase 
titania on a variety of substrates including polymer ma- 
terials and living tissue having low heat resistance at 
very mild conditions of atmospheric pressure and 1 00°C 
or below. Furthermore, the powder of the anatase titania 
or composite oxide containing the anatase titania can 
be synthesized at very mild conditions of atmospheric 
pressure and 100°C or below. 



Claims 

1. A process for producing anatase titania or a com- 
posite oxide containing the anatase titania charac- 
terized in that a gel containing a metal oxide is 
formed from a solution containing a hydrolyzable ti- 
tanium compound, and subsequently this gel is al- 
lowed to react with water at a temperature of 1 00°C 
or below to produce the anatase titania or the com- 
posite oxide containing the anatase titania. 

2. A process according to claim 1 wherein the solution 
containing a hydrolyzable titanium compound con- 
tains an organic polymer, and the gel is organic in- 
organic composite matter containing a metal oxide 
and the organic polymer. 

3. A process according to claim 2 wherein the organic 
polymer is a water-soluble organic polymer. 

4. A process according to any one of claims 1 to 3 
wherein the hydrolyzable titanium compound is an 
alkoxide of titanium. 

5. A process according to any one of claims 1 to 4 
wherein reaction of the gel with water is carried out 
with hot water. 

6. A process according to claim 5 wherein a functional 
molecule or a metal ion is dissolved in the hot water, 
thereby to dope the anatase titania or the composite 
oxide containing the anatase titania with the func- 
tional molecule or metallic particles. 



7. A process according to any one of claims 1 to 6 
wherein a gel film is formed on a substrate and then 
allowed to react with water to produce a film. 

5 8. The anatase titania or the composite oxide contain- 
ing the anatase titania obtained according to any 
process of claims 1 to 7. 

9. A transparent film of the composite oxide and a sub- 
10 strate having the transparent film of the composite 
oxide formed thereon as described in claim 8. 



15 



20 



25 



30 



35 



40 



45 



50 



7 



EP1 182 169 A1 




8 



BP 1 182 169 A1 



3. 5 8 ,} • v" 

.. r . « 1 




1 2. 5 A 2. 4 0 anataso 1 0 3 



9 



EP 1 182 169 A1 




Change of IR Spectra by Hot Water Treatment of TiO 2 -Si0 2 
Composite Matter Containing Polye thyleneGlycol 



10 



EP1 182169 A1 



INTERNATIONAL SEARCH REPORT 


Internal iunaJ application No, 




PCT/JP99/00477 



A. CLASSIFICATION OF SUBJECT MATTER 



Int. CI' C01G23/04, C01G23/00 

According to International Patent gasification (IPC) or to both national dsssificaticn and IPC 

B. FIELDS SEARCHED 

Minimum documentation searched (dassification system followed by classification symbols) 

Int.Cl 8 C01G23/04, C01G23/00, C01B33/12, B01J21/06, B01J35/02 



Documentation searched other than minimum documentation to I he extent (hat such documents are included in the fields searched 
Jitsuyo Shinan Koho 1926-1996 Toroku Jitsuyo Shinan Koho 1994-1999 

Kokai Jitsuyo Shinan Koho 1971-1999 Jitsuyo Shinan ToroJcu Koho 1996-1999 



Electronic data base consulted during the international search (name of data base and, where practicable, search terms used) 



C DOCUMENTS CONSIDERED TO BE RELEVANT 



Category* 



Citation of document, with indication, where appropriate, of the relevant passages 



Relevant tod aim No. 



JP f 08-099041, A (Director General, Agency of 
industrial Science and Technology), 
16 April, 1996 (16. 04. 96), 

Claims ; Par. Nos. (0016] to [0021) (Family: none) 

JP, 11-011912, A (Fuji xerox Co., Ltd.), 
19 January, 1999 (19. 01. 99), 

Claims ; Par. Nos. [0012], (0022), (0023), (0041) to 
[0055] (Family! none) 

JP, 10-236824, A (Showa Denfto K.K.), 

8 September, 1998 (08. 09. 98), 

Claims ; Par. No. [0009] (Family: none) 

JP, 09-241038, A (TOTO Ltd.), 

16 September, 1997 (16. 09. 97), 

Claims ; Par. Nos. [0015] to [0026] ; Table 1 

& WO, 9629375, Al ( AU, 9650140, A 

& EP, 816466, Al & DE, 19681289, T 

6 BR, 9607868, A & MX, 9707108, Al 



1-9 



1-9 



1-9 



8, 9 



| | Further documents are listed in the continual ion of Boot G Q See patent family annex. 



"A" dYxxaneal defittias tat general stats ctf rho art which u aol 
owadcred to be of pamcnlar nkvaaoB 

"E" earlier document but published on or after the wfensriooal filing date "X* 

"L" d ocoa w ri which may throw docbtt on priority dalmfs) or which li 
chad to establ ish the pabbouion date of toother oi&lica or otber 
special reason (as specified) " V 

"O* document referring to to oral diadasore, use. exhibition or other 

'V document pubibfacd prior to die uuenatkaal fifing date but late than 

tbc priority date ctatned *&" 



later dooirneot pebljjhed after (he interna tfooal filing data or priority 
date and oof in eoofDcl with the spot Icadea hot cited to eaderstssd 
the principle or theory nndertying the taventioo 
docs trait of particular idem act; thedafaaed invention cannot be 
conridcrcd novd or cannot be CDtmdqed to invdva an inventive ctp 



ooastdered to invorv* sn ravedivc atcp when the doconxsl is 
combined ^rith one ccr more other sach docaicnta, <ocfa comb a 
being obvious to a pesoo tkSicd it the art 
r of the box pa teal family 



Date of the actual completion of the international search 
2 June, 1999 (02. 06. 99) 


Date of mailing of the international search report 
15 June, 1999 (15. 06. 99} 


Name and mailing address of the ISA/ 

Japanese Patent Office 

Facsimile No. 


Authorized officer 
Telephone No. 



Form PCT/1SA/210 (second sheet) (July 1992) 



11 



This Page is Inserted by IFW Indexing and Scanning 
Operations and is not part of the Official Record 



Defective images within this document are accurate representations of the original 
documents submitted by the applicant. 

Defects in the images include but are not limited to the items checked: 

□ BLACK BORDERS 

□ IMAGE CUT OFF AT TOP, BOTTOM OR SIDES 

□ FADED TEXT OR DRAWING 

□ BLURRED OR ILLEGIBLE TEXT OR DRAWING 

□ SKEWED/SLANTED IMAGES 



tJ LINES OR MARKS ON ORIGINAL DOCUMENT 

□ REFERENCE(S) OR EXHIBIT(S) SUBMITTED ARE POOR QUALITY 

□ OTHER: 



IMAGES ARE BEST AVAILABLE COPY. 
As rescanning these documents will not correct the image 
problems checked, please do not report these problems to 
the IFW Image Problem Mailbox. 



BEST AVAILABLE IMAGES 




COLOR OR BLACK AND WHITE PHOTOGRAPHS 



□ GRAY SCALE DOCUMENTS 




